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Description 

This invention relates to a wear- resistant member comprising an ultra-thin f Dm laminate formed on the surface of a 

substrate e.g. for use as a cutting tool or a wear-resistant tool. 
5 The term laminate" used herein refers to a coating layer (or film) itself and does not relate to a substrate which is 

steel, cemented carbides, cermet, ceramic or glass. The term "wear-resistant member" includes electric or electronic 

parts or sliding or mechanical parts comprising an ultra-thin film laminate of the same kind. 

On cutting tools, it is an ordinary practice to form on a substrate a single or a plurality of coating layers of a carbide, 

nitride or carbonitride of Ti, Hf or Zr or an AI oxide by the physical vapor deposition (PVD) or chemical vapor deposition 
10 (CVD) method to improve its wear resistance. The PVD method is especially preferred because the coatings formed by 

PVD can improve the wear resistance without lowering the strength of the substrate. Thus, the surface coatings formed 

by PVD are widely used for cutting tools for which high strength is required, such as drills, end mills, throwaway inserts 

and milling cutters. 

But since such conventional surfaces coatings are all made of nitrides or carbonitrides having metallic bonding 
is properties, they are not satisfactory in wear resistance and heat resistance. Thus, if tools having such surface coatings 
are used in high-speed cutting, the tool lives tend to be short 

On the other hand, covalent bonding compounds such as diamond, cubic boron nitride (cBN), silicon nitride (S13N4) 
and aluminum nitride (AIN) have much higher hardness than carbides, nitrides and carbonitrides of Ti, Hf and Zr and 
also have high heat resistance. Thus, these materials are considered favorable as coating materials which can take the 
20 place of the above-described conventional materials. 

But these materials are actually not used as surface coatings because they are extremely difficult to synthesize and 
because their adhesion is so low that they are liable to peel. 

Under such circumstances, as disclosed in Japanese Patent Publication 61-235555 (DE3512986) by H. Holleck et 
al and in "Surface and Coatings Technology", Vol. 41 (1990). pages 179- 190, trials have been made to improve the 
25 cutting properties of a cutting tool by forming a coating made of two different kinds of ceramics having metallic bonding 
properties such as TiC and T1B2 and comprising as many as 100 - 20000 layers, each layer in the form of a thin film or 
a particulate having a film thickness or particle diameter of 40 nm or less. The interfaces between the layers are coher- 
ent or partially coherent. 

Such a multi-layered coating is formed by sputtering using TICTIB2 targets. According to "Surface and Coatings 

30 Technology", vol. 41 (1990), pages 179-190, crystalline or amorphous mixed layers having a thickness of about 2 - 3 
nm formed at the coherent or partially coherent interfaces serve to disperse energy by expelling cracks. Since the prop- 
agation of cracks is restrained, the wear resistance improves. But in this publication it is not confirmed that the hard- 
ness, one of the indexes of wear resistance, improves. 

On the other hand, by alternately laminating layers of two different kinds of metallic bonding nitrides, each several 

35 nanometers thick, its hardness increases when the entire thickness reaches a given point 

But since any of such prior coatings is made of different kinds of metallic bonding compounds having the same 
bond property, no significant increases in the resistance to oxidation and high-temperature hardness are attainable. 
Especially for cutting tools used for high-speed cutting, they are insufficient in heat resistance, which is a necessary 
property to achieve a long tool life. 

40 Conventional film coatings used as wear-resistant and protective films for electric and electronic parts and sliding 
and machine parts were also not satisfactory. 

A magnetic memory medium, for example, requires a surface protective film to protect it against damages during 
slidal movement Such protective films are required to have high wear resistance, high adhesion to the substrate and 
high surface lubricity. Among them, the wear resistance is mainly determined by its hardness. 

4$ Conventional protective films are made of oxides or nitrides such as Si0 2 , S13N4 and Al 2 0 3 or carbon and have a 
thickness of about 80 nm. But in order to increase the density and capacity of a magnetic memory medium, the protec- 
tive film formed thereon is required to have a thickness of not more than 50 nm. However, if the thickness of such a con- 
ventional film were reduced to 50 nm or less, its wear resistance and corrosion resistance would drop noticeably. 
An object of the present invention is to provide a wear-resistant member comprising an ultra-thin film laminate with 

so improved wear resistance, heat resistance and corrosion resistance. 

According to this invention, the wear- resistant member is provided with an ultra-thin film laminate comprising at 
least one nitride or carbonitride of at least one element selected from the group consisting of the elements in the groups 
IVa, Va and Via in the periodic table and Al and B, the nitride or carbonitride having a cubic crystal structure and having 
mainly metallic bonding properties, and at least one compound having a crystal structure other than the cubic crystal 

55 structure at normal temperature and normal pressure and under equilibrium state and having mainly covalent bonding 
properties, said at least one nitride or carbonitride and said at least one compound being alternately laminated in the 
form of layers, each layer of the nitride or carbonitride and the compound having a thickness of 0.2 - 20 nm, the laminate 
having a cubic crystalline X-ray diffraction pattern as a whole. 
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In this arrangement, the crystal structure of the covalent bonding compound that constitutes one ol the two compo- 
nents of the film laminate is modified into a cubic crystal structure, which is a structure inherent to a metallic bonding 
compound. The ultra-thin film laminate thus formed has both the properties of the covalent bonding compound and 
those of the metallic bonding compound and has a cubic crystal structure as a whole. 

5 Either of the metallic bonding compound and the covalent bonding compound may comprise elements which are 

completely different from the elements forming the other compound. Otherwise, some or all of the elements forming the 
respective compounds may be the same with only their compositions different from each other. 

The entire thickness of the film laminate should be 5 nm - 10 urn for use as a wear-resistant or a protective film for 
electric or electronic parts and should be 0.5 - 10 pm for use as such a film for machine parts. 

10 The ultra-thin film laminate may have a structure in which no interfaces are formed between the adjacent layers of 
two or more compounds, with only part or all of the composition of each compound changing continuously, while some 
part thereof is a cubic crystalline covalent bonding compound. 

Also, it may have a structure in which clear interfaces are present at some portions and no clear interfaces are 
present at other portions with only the composition changing continuously. 

is Such a ultra-thin film laminate can be formed by the PVD method such as sputtering or ion plating. With the PVD 
method, the strength of the substrate can be kept high and thus e.g. the tool keeps the resistance to wear and chipping 
at high level. 

Among the PVD methods, the arc ion plating method is the most preferable to form the cubic crystalline covalent 
bonding compound according to the present invention, because with this method, a high ionization rate is attainable and 
20 thus a covalent bonding compound having high crystallizability can be formed. 

if a higher ionization rate is desired, the laminate may be formed by a reactive PVD method, instead of using nitride 
or carbonitride targets, using a plurality of metal or alloy targets containing elements in the IVa, Va and Via groups in 
the periodic table and B and Al and a gas containing at least C and N as raw materials. 

If the ultra-thin film laminate of the present invention is to be coated on cutting tools such as inserts, drills and end 
25 mills made of a hard substrate such as WC-based cemented carbide, cermet and high-speed steel, it is preferable to 
interpose, at the interface between the substrate and the ultra-thin film laminate, an intermediate layer having a thick- 
ness of 0.05 - 5 |im and made of at least one compound selected from compounds comprising at least one element 
selected from the elements in the IVa, Va and Via groups and at least one element selected from C and N and oxides 
of an element in the IVa group in order to improve the adhesion of the laminate to the substrate. 
30 Similarly, for higher wear resistance, it is preferable to form on the ultra-thin film laminate a surface layer having a 
thickness of 0.1 - 5 nm and made of at least one compound selected from nitrides, carbides, carbonitrides and oxides 
of elements in the IVa, Va and Via groups and oxides of an element in the IVa group. 

When covering the film laminate of the present invention on cutting tools, especially on cutting inserts, the ultra-thin 
film laminates formed on the flank and rake race of the insert should preferably be laminated in different cycles accord- 
35 ing to the properties required for the respective surfaces. 

In Figs. 1 and 2, numerals 1 designates the ultra-thin film laminate formed on the substrate 2. Numerals 3 and 4 
designate the surface layer and the intermediate layers, respectively. 

The ultra-thin film laminate according to the present invention is formed by alternately laminating layers of at least 
one cubic crystalline metalGc bonding compound and layers of at least one cubic crystalline covalent bonding com- 
40 pound which has a crystal structure other than the cubic structure at normal temperature and normal pressure in an 
equilibrium state so that the laminate has a cubic crystal structure as a whole. Each layer has an extremely small thick- 
ness of 0.2 - 20 nm. The laminate thus formed has exceptionally high hardness and oxidation resistance and thus 
shows excellent wear resistance and heat resistance. 

A covalent bonding compound usually has a crystal structure other than the cubic structure and has high hardness 
45 and excellent heat resistance. For example, aluminum nitride (AIN) used as a sintered body has the Wurtzite structure 
at normal temperature and pressure in the equilibrium phase and is very high both in hardness and heat resistance. 

On the other hand, diamond and cubic boron nitride (cBN). which are covalent bonding compounds having a cubic 
crystal structure, that is. a non-equiiaarium phase, at normal temperature and pressure, are excellent in hardness and 
heat resistance. Thus, it is presumed that other covalent bonding materials having such a cubic crystalline non-equilib- 
50 rium phase have extremely high properties, too. 

But such compounds are actually not used as wear -resistant or protective films at all. This is because such films 
are extremely difficult to synthesize and, if synthesized at all, have a very low adhesion to ordinary tool substrate such 
as cemented carbide, high-speed steel and cermet and to films of metallic bonding hard materials having cubic NaCI 
type crystal structures such as TIN, TIC and TiCN, which are ordinarily used as an intermediate layer. 
55 If compounds of the above-described two types were alternately laminated in an attempt to form a f Pm laminate 
keeping the properties of both compounds, peeling would occur easily between the adjacent layers because the adhe- 
sion therebetween is low. Such a multi-layered film is thus practically useless. 

This is because the covalent bonding compounds and the metallic bonding compounds have completely different 
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bonding properties and different crystal structures from each other and thus atoms are not bonded together with a suf- 
ficiently strong force at the interfaces between the film laminate and the substrate or between the film laminate and the 
intermediate layer and between the adjacent layers of the film laminate. 

According to the present invention, a covalent bonding compound having no cubic crystal structure at normal tem- 
5 perature and pressure in the equilibrium state is formed with an extremely thin layer of 20 nm or less and layers of a 
cubic crystalline metallic bonding compounds are laminated on the former layer. Thus, the covalent bonding compound 
acquires a cubic crystal structure. Due to the fact that both compounds now have the same cubic crystal structure and 
that the cubic crystal covalent bonding compound has extremely excellent properties, atoms are bonded together with 
a sufficiently strong force at the interfaces between the adjacent layers. Further, such a laminate has a sufficient adhe- 
re sion to the substrate or the intermediate layer and is higher in hardness and resistance to oxidation than conventional 
coating films. 

Other factors that increase the hardness of the ultra-thin film laminate are the accumulation of strain energy when 
the crystal structure of the covalent compound changes to the cubic crystal type and the accumulation of strain energy 
when the atoms at the interfaces are bonded together and thus the compound layers are subject to strains. 

75 The thickness of the metallic bonding compound layers is not limited to a specific range. But rf they are too thick 
compared with the thickness of the covalent bonding compound layers, the favorable effects brought about by the cov- 
alent bonding compound, such as high hardness and high resistance to oxidation, may not appear fully. Thus, the thick- 
nesses of both the compound layers should not exceed 20 nm. 

On the other hand, if the thickness of each compound layer is less than 0.2 nm, the two compounds would be mixed 

20 together, forming a homogeneous single-layered film. Thus, the above-described effects would be lost. 

Either of the at least one metallic bonding compound and the at least one covalent bonding compound may be 
made of elements which are completely different from the elements forming the other compound. Otherwise some or 
all of the elements forming the respective compounds may be the same. If all the elements forming the respective ele- 
ments are the same, their compositions have to be different from each other. 

25 The above-described effects of the ultra-thin film laminate according to the present invention have nothing to do 
with the presence of interfaces between the adjacent compound layers. Thus, it is not necessary that there be present 
clear or unclear interfaces between the compound layers. In other words, the adjacent compound layers may have such 
a structure that the composition of the compound layers changes continuously. The covalent bonding compound may 
have a cubic crystal structure within a certain range of composition. 

30 In this case, the cubic crystal structure serves to stabilize the crystal structure of the covalent bonding compound. 
The hardness and oxidation resistance of the film laminate thus increase. It has been found out that the film laminate 
thus formed excels in wear resistance and heat resistance and significantly improves the cutting properties of the tool. 
Further, this serves to prevent peeling due to defects or a sharp change in the stress on the film. 

In forming the ultra-thin film laminate according to the present invention, it is indispensable to form it by a film-form- 

35 ing process which can produce a covalent bonding compound containing little amount of amorphous components and 
thus having high crystallizabiltty. ft has been found out that the arc ion plating method, which is capable of ionizing the 
material elements at a high rate, is most suitable for this purpose. Rims of a covalent bonding compound can be formed 
by the reactive ion plating method or the magnetron sputtering method. But the films formed by these methods inevita- 
bly contain amorphous components, which deteriorate their favorable properties. 

40 In order to increase the ionization rate, a reactive PVD method is preferable, because in this method are used a 
plurality of metal or alloy targets containing at least one of the elements in the IVa, Va, Via groups and B and At and a 
gas containing one or both of C and N as raw materials instead of targets of nitride or carbide compounds. For higher 
crystalliz ability of the compounds formed, inert gases such as Ar and He or gases having etching effects such as H 2 
may be introduced into the film-forming oven besides the material gases. 

45 The ultra-thin film laminate thus formed according to the present invention shows a Vickers hardness of as high as 
39.2 GPa (4000 kgf/mrn 2 ) at the load of 9.8 mN (1 gf). 

If the ultra-thin film laminate of the present invention is coated on a hard substrate such as WC-based cemented 
carbide, cermet and high-speed steel to produce a wear-resistant part its thickness should be 0.5 - 10 urn. If less than 
0.5 um, the wear resistance scarcely improves. If thicker than 10 um, the adhesion between the substrate and the fim 

so decreases due to residual stress in the fflm. 

ff the ultra-thin film laminate is formed directly on the substrate, the adhesion between the substrate and the flm 
laminate may be lower than with a conventional coating film. It has been found out that the adhesion can be improved 
by forming between the substrate and the f flm laminate an intermediate layer made of at least one compound selected 
from compounds comprising at least one element selected from the group consisting of the elements in the IVa, Va and 

55 Via groups and at least one element selected from C and N and oxides of an element in the IVa group. Further, by pro- 
viding an intermediate layer having neutral properties between the ultra-thin flm laminate and the substrate, which have 
largely different properties from each other, the properties can be changed gradually between the film laminate and the 
substrate, ft can be expected that this will lead to a reduction in the residual stress in the film laminate. 
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When the intermediate layer was thinner than 0.05 |im. the adhesion did not improve. Also, further improvement 
was not seen when the thickness was increased above 5 jim. From the viewpoint of its properties and productivity, the 
intermediate layer should have a thickness of 0.05 to 5 nm. 

Further, according to one example of the present invention, a surface layer having a thickness of 0.1 to 5 ^m pro- 
s vided on top of the wear-resistant f il m coating according to the present invention serves to improve the performance of 
the wear-resistant coating. Since the outermost layer of the wear-resistant coating tend to be exposed to a very harsh 
environment, it is liable to be deteriorated by reacting with the atmosphere or the mating member in frictional contact. 
The wear resistance of the film will thus drop. On the other hand, the components forming the ultra-thin film laminate 
are not limited to those low in reactivity. Thus, by providing a surface layer made of a material which is excellent in resist- 
to ance to reaction with the atmosphere or mating member, thef flm can be protected against wear due to surface reaction. 
If this layer is thinner than 0.1 iim. the wear resistance will not improve. But if thicker than 5 um, it will not improve either 
because of peeling. Thus, its thickness should be 0.1 - 5 um. 

It was confirmed that by applying the wear-resistant coating containing the ultra-thin film laminate according to the 
present invention to cutting tools such as inserts, drills and end mills, their cutting performance and lives improve mark- 
15 edly. 

Further, the present inventors have discovered that if the laminating cycle of the ultra-thin film laminate provided on 
the rake face of an insert of a cutting tool is longer than that of the ultra-thin film laminate provided on its flank, the cut- 
ting performance and the life of the insert improve markedly. Also, it was found out that, if the shape of the insert and 
its intended use are different, the cutting performance and the life of the cutting insert may improve markedly if the lam- 
20 inating cycle of the ultra-thin film laminate provided on the flank of an insert of a cutting tool is longer than that of the 
ultra-thin film laminate provided on the rake face. This is presumably because the wear resistance and oxidation resist- 
ance properties required for the flank and the rake face of the insert and thus the optimum laminating cycle vary accord- 
ing to its intended use. 

The term "laminating cycle" herein used refers to the sum X of the thicknesses of four layers 1A, 1B, 1C and 1D of 
25 four different compounds A, B, C and D shown in Figs. 1 A and 1 B. 

The ultra-thin film laminate according to the present invention can also improve the wear resistance of electric or 
electronic parts or sliding or machine parts if they are used as a wear-resistant or protective film therefor. 

For use as a wear-resistant or protective film for electric or electronic parts or sliding or machine parts, it can not 
improve the wear resistance sufficiently if its thickness is less than 5 nm. If thicker than 10 pm, however, the adhesion 
30 of the film laminate to the substrate will become too low. Thus, its thickness should be between 0.005 - 10 |im when 
used as a wear-resistant or protective film for such parts. 

The ultra-thin film laminate according to the present invention has hard layers of a cubic crystal ccvalent bonding 
compound, which is not obtainable at normal temperature and pressure in the equilibrium state. Thus, it has much 
higher wear resistance and toughness than conventional coating f Urns. H H is applied to a cutting tool or a wear-resistant 
35 tool, it is less liable to wear and chipping and maintains good properties for a long period of time. 

The uJtra-thin film laminate of this invention may also be used as a wear-resistant coating for electric or electronic 
parts or sliding or machine parts to improve their wear resistance. 

Another advantage of this film laminate is that it can be made significantly thinner than conventional fflms. Thus, 
especially if it is used as a coating on a magnetic memory medium, it makes it possfole to increase the memory density 
ao and capacity. Further, the surface coating according to the present invention will achieve favorable effects if it is used 
as a coating for a member which is free of wear by friction, e.g. a photomagnetic memory medium, which needs a sur- 
face protective film having excellent optical and electrical properties, optical parts such as optical lenses, and circuit 
boards. 

Other features and objects of the present invention will become apparent from the following description made with 
45 reference to the accompanying drawings, in which: 

Fig. 1 A is a schematic view showing the ultra-thin film laminate according to this invention coated on a substrate; 
Fig. 1 B is a partial enlarged view of the same; 

Fig. 2 is a schematic view of the ultra-thin f Brh laminated according to this invention coated on a substrate with an 
so intermediate layer and a surface layer; 

Fig. 3A is a view showing the process of manufacturing the ultra-thin film laminate according to this invention; 
Fig. 3B is a schematic plan view of a film forming device; 

Fig. 4 is a view showing an X-ray diffraction pattern of an ultra-thin film laminate made of TIN and AIN (thickness of 
layer: TIN: 1.25 nm, AIN: 1.25 nm); and 
55 Fig. 5 is a graph showing how the weight of the ultra-thin film laminate made of TiN and AIN (thickness of layer: TIN: 
1 2S nm, AIN: 1 .25 nm) changes as the atmospheric temperature rises. 

Now description will be made of the examples of protective films applied to the contact surfaces of cutting tools and 
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magnetic disks. 

In the examples, the thicknesses of the compound layers of the ultra-thin film laminate and the laminating cycle 
were determined by means ot a transmission electron microscope. The change in composition of each layer was con- 
firmed by Auger electron spectroscopy (AES) or microarea energy dispersion X-ray spectroscopy (EDX) with a trans- 

5 mission electron microscope. The crystal structure of the entire ultra-thin film laminate was determined according to its 
X-ray diffraction pattern. Its microscopic crystal structure can be confirmed by the transmission electron diffraction 
(TED) pattern observed through a transmission electron microscope. The X-ray diffraction peak was obtained by 
observing the diffracted rays of Cu-Ka rays by the 9-20 method with a diffractometer using copper targets and nickel 
filters. The f Dm hardness was measured by the Vickers hardness measuring method at the load of 0.245 N {25 gf). The 

io Vickers hardness of 39.2 GPa (4000 kgf/mm 2 ) at the load of 9.8 mN (1 gf) is substantially equivalent to 29.4.GPa (3000 
kgf/mm 2 ) at the load of 0.245 N (25 gf). 

(Example 1) 

15 We prepared a cutting insert made of a cemented carbide having a composition P30 under the JIS standards and 

having a shape SNG432 under the JIS standards. An ultra-thin film laminate was formed on the surface thereof by an 

ion plating method using vacuum arc discharge 

Namely, as shown in Fig. 3, a plurality of targets 6 were arranged in a circle in a film-forming device 5 and the 

above-mentioned cutting insert 8 was placed on a substrate carrier 7 adapted to rotate about the center of the circularly 
20 arranged targets. The thicknesses of the compound layers of the film were controlled by adjusting the revolving speed 

of the cutting insert and the vacuum arc discharge current (amount of evaporation of the material of which the targets 

are made). 

The degree of vacuum in the film-forming device 5 was initially set at 10" 5 Ton*. Then argon gas was introduced and 
while keeping the pressure at 10 z Torr, the gas was heated to 500*0. Then after cleaning the cutting insert by applying 
25 a voltage of -1000V, the argon gas was exhausted. The targets, made of elements in the IVa, Va and Via groups in the 
periodic table and Al and B and a Ti-Al compound, was vaporized and ionized by vacuum arc discharge for a period of 
time determined by the revolving speed of the substrate, while introducing one or both of Nfe gas and CH 4 gas into the 
film-forming device 5 at the rate of 200 cc/min. Layers of compounds of C and N contained in the targets and the gases 
introduced into the device 4 are formed on the rotating insert when it passes each target The thus formed specimens 
30 1-1-1 -24 according to the present invention are shown in Table 1 . 

Table 1 shows the laminating cycle and the thickness of the compound layers for each of the specimens 1-1 - 1-24 
according to the present invention, as measured on a transmission electron microscope. 

For comparison, we also prepared specimens 1-25 to 1-28 which are cutting inserts having conventional surface 
coatings. They are also shown in Table 1 . These specimens were made by forming hard coating layers of TiN and/or 
35 TiCN on cutting inserts having the same composition and shape as above in the same manner as above, by use of tar- 
gets of Or and V for specimen 1 -25 and by ion plating using vacuum arc discharge by use of a conventional film forming 
device for specimens 1-26 and 1-27. Specimen 1-28 was made by forming hard coating layers of TiN and Al 2 0 3 on cut- 
ting inserts having the same composition and shape as above by the CVD method. 

Specimens 1-2 to 1-24 according to the present invention all had extremely high Vickers hardness of 33.3 GPa 
40 (3500 kg/mm 2 ) or more under a load of 0.245 N (25 gf). As to specimen 1 -1 , the laminating cycle of the layers was 0.3 
nm, i.a the thickness of each compound layer was 0.15 nm. By the transmission electron microscopy (TEM) observa- 
tion, it was clear that it did not have clearly laminated structure but had mixed-phase as a whole. Its hardness was the 
lowest among the specimens according to the present invention. 

The surface-coated cutting insert specimens in Table 1 were subjected to continuous and interrupted cutting tests 
45 under the conditions shown in Table 2. After the tests, the width of wear on the flank of the cutting edge of each speci- 
men was measured. 

It is apparent from Table 3 that among the specimens having conventional surface coatings, specimens 1 -25 to 1 - 
27, in which hard coating layers were formed by PVD method, were poor in wear resistance and specimen 1 -28, formed 
by CVD, showed low resistance to chipping of cutting edge due to reduced toughness of the substrate. In contrast, 

so specimens 1 -1 to 1 -24 according to the present invention showed excellent wear resistance both in the continuous and 
interrupted cutting tests. Further, since their hard coating layers were formed by the PVD method, their substrates main- 
tained high toughness, which lead to high resistance to chipping. 

From the test results for specimens 1 -1 to 1-8, it was found out that for use of the film laminates to cutting tools, the 
laminating cycle should be 0.5 - 20 nm, i.e. the thickness of each layer should be 0.2 - 20 nm. Also, from the test results 

55 for specimens 1-1 5 - 1 -21 , it is apparent that the thickness of the intermediate layer should be 0.05 - 5 jim. Further, the 
test results for specimens 1-9-1-14 show that the entire thickness of the ultra-thin film laminate should be 0.5-10 urn. 
Although specimen 1-25 has the same laminated structure as specimens 1-1 to 1-24, it is low both in hardness -and 
wear resistance because it does not contain a layer of cubic crystalline ccvalent bonding compound. 
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(Example 2) 

In this example, two kinds of films made of a Ti nitride and an Al nitride were alternately formed on the same sub- 
strates as those used in Example 1, using the same device and in the same way as in Example 1 . 
5 Namely, targets of Ti and AJ were arranged opposite to each other. Then the cutting insert was cleaned in the 

atmosphere kept at 10" 2 Torr by introducing argon gas and applying a voltage of -2000 V and heating to 500 °C. After 
exhausting the argon gas, the Ti target and the Al target were evaporated and ionized by vacuum arc discharge while 
introducing Nfe gas into the film forming device at the rate of 300 cc/min to form TiN and AIN layers alternately. The lam- 
inating cycle of the compound layers and thus their thicknesses were controlled by adjusting the rotating speed of the 
10 substrate and the amount of vacuum arc discharge. The entire thickness was controlled by adjusting the coating time. 
Specimen 4-1 to 4-9 thus formed had its surface coated with an ultra-thin film laminate having a thickness shown 
in Table 4 and comprising alternately laminated ultra-thin films of TIN and AIN. 

For the specimen 4-1 , the peak of X-ray diffraction was observed at the angle between the TiN layers and the AIN 
layers, the latter now having a cubic crystal structure by being combined with the TiN layers. For example, the peak of 
is X-ray diffraction for (1 1 1 ) plane at 29 was 37. 1 ° for the ultra-thin film laminate. 36.7° for TIN and 37.8° for cubic AIN. The 
results of observation of X-ray diffraction are shown in Fig. 4. 

The Vickers hardness of this specimen was 3600 kgf/mm 2 at the load of 25 gf. Further, in order to measure the 
resistance to oxidation, the ultra-thin film laminate formed on a platinum substrate was heated in the air at the rate of 
5°C/min up to 1200°C while observing how its weight changes. The higher the rate of increase in weight the more the 
20 oxidation of the laminate. As shown in Fig. 5, the weight of the specimen 4-1 increased very little. Fig. 5 shows that for 
specimen 4-1 the oxidation start temperature is very high, 920 °C. For other specimens 4-2 to 4-8 in Table 4, too, similar 
X-ray diffraction patterns and weight changes were observed. 

The specimens 4-1 to 4-9 had the following structure (specimens 4-1 - 4-4, laminating cycle: 2.5 nm, layer thick- 
ness: 1.25 nm each, specimens 4-5 - 4-8, laminating cycle: 0.4 nm, layer thickness: 0.2 nm each, specimen 4-9, lami- 
25 nating cycle: 25 nm, layer thickness: 21 nm for TiN, 4nm for AIN). The specimen 4-9 had a Vickers hardness of 2900 
kgVmm 2 at load of 25 gf. 

For comparison, we also prepared comparative specimens 5-1 - 5-6 (Table 5) by coating the same cutting inserts 
with the same film forming device. We coated their surfaces with single-layered films or composite films of TiN, TIC and 
TiCN (Table 5, specimens 5-1 - 5-3), with composite films of TiC and TiN by an ordinary CVD method (Table 5, speci- 

30 men 5-4), with composite films of TiN and Al 2 0 3 by the same CVD method (Table 5, specimen 5-5), with a single-lay- 
ered film of TiAIN by PVD method (Table 5, specimen 5-6). 

These specimens were subjected to continuous and interrupted cutting tests under the conditions shown in Table 
2 and the width of wear on the flank of the cutting edge of each specimen was measured. The test results for the spec- 
imens of the present invention and comparative specimens are shown in Tables 4 and 5. 

35 It is apparent from the results shown in Table 4 and 5 that the specimens according to the present invention (spec- 
imens 4-1 - 4-8 in Table 4) excel the comparative specimens (specimens 5-1 - S6 in Table 5) in the wear resistance and 
chipping resistance and thus show higher cutting performance than the comparative specimens. Also, the test results 
for the specimen 4-9 (Table 4) clearly shows that if the thickness of each layer exceeds 20 nm, the effect of lamination 
is lost and the cutting performance reduces. 

40 

(Example 3) 

In the same way as in Example 2, we prepared specimens 6-1-6-5 (Table 6) according to the present invention 
which are surface-coated cutting inserts made of cermet and having their surfaces coated with films of TiN and AIN on 
45 a substrate of cermet as shown in Table 6, and comparative specimens 7-1 - 7-6 (Table 7) in the same way as in Exam- 
ple 2. After subjecting them to cutting tests under the conditions shown in Table 2, the width of wear of each specimen 
was measured. 

The laminating cyde and thickness of each layer for specimens 6-1 - 6-5 are as follows: specimen 6-1: cycle 0.4 
nm, thickness 02. nm. specimens 6-2 - 6-5: cycle 14.7 nm, thickness: 8.2 nm for TiN and 6.5 nm for AIN. 
so Table 6 clearly shows that the specimens 6-1 - 6-5 according to the present invention (Table 6) have higher wear 
resistance and chipping resistance and thus higher cutting performance than the comparative specimens 7-1 - 7-6 
(Table 7). 

(Example 4) 

55 

In the same way as in Example 3, we prepared specimens 8-1 - 8-5 (Table 8) according to the present invention 
which are surface-coated cutting inserts with substrate of ceramics and having their surfaces coated with films of TiN 
and AIN shown in Table 8, and comparative specimens 9-1 - 9-4 of inserts also made of ceramics (Table 9). After sub- 
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jectirtg them to cutting tests under the conditions shown in Table 2, the width of wear of each specimen was measured. 

Table 8 clearly shows that the specimens 8-1 - 8-5 according to the present invention (Table 8) have higher wear 
resistance and chipping resistance and thus higher cutting performance than the comparative specimens 9-1-9-4 
(Table 9). 

(Example 5) 

We prepared surface-coated cutting inserts according to the present invention having their surfaces coated with 
films of TIN and TiAIN alloys in the same way as in Example 2, but using Ti and TiAl, instead of Ti and Al, as targets 
(Table 10, specimens 10-1 - 10-8), and a surface-coated cutting insert according to the present invention having its sur- 
face coated with films of TiN and AIN formed by the same method as in Example 2 (Table 10, specimen 10-9). 

Each of the film layers TiN and TiAIN formed in specimens 10-1 - 10-9 had the following thickness: specimen 10- 
1: 0.15 nm, specimen 10-2: 1 nm, specimen 10-3: 10 nm, specimen 10-4: 25 nm, specimen 10-5: 50 nm, specimens 
10-6 - 10-9: 2 nm. The width of wear of each specimen was also measured after cutting tests in the conditions shown 
in Table 2. 

When a single-layer film of TiAIN alloy was made by use of the Ti-AI alloy target, the film had a crystal structure of 
Wurtzrte structure. 

Table 10 clearly shows that the specimens 10-1 - 10-9 according to the present invention (Table 10) have higher 
wear resistance and chipping resistance and thus higher cutting performance than the comparative specimens 5-1 - 5- 
6 (Table 5). However, it was noted that specimen 10-1 having a layer thickness of less than 0.2 nm, specimens 10-4 and 
10-5 having a layer thickness exceeding 20 nm, revealed no effects of lamination and were inferior in cutting perform- 
ance to the other specimens 10-2, 10-3 and 10-6 - 10-8 in Table 10 according to the present invention. Also, specimen 
10-8 according to the present invention showed fairly wide wear presumably due to peeling at the interfaces between 
the adjacent films forming the ultra-thin film laminate. Such wide wear was not observed in the other specimens 10-2, 
10-3 and 10-6 • 10-8 according to the present invention. 

(Example 6) 

Using as targets Al and Ti-AI alloy having a different composition than in Example 5, we prepared surface-coated 
cutting inserts according to the present invention having their surfaces coated with AIN and TiAIN films shown in Table 
1 1 in the same way as in Example 5 (Table 1 1 , specimens 11-1-11 -8), and surface-coated cutting inserts according to 
the present invention having its surface coated with TiN and AIN films formed in the same way as in Example 2 (Table 
1 1 , specimen 1 1 -9). When a single-layer film of TiAIN alloy was made by use of the Ti-AI alloy target the film had a crys- 
tal structure of NaQ structure. 

Each of the film layers formed on specimens 11-1 - 11-9 had the following thickness: specimen 11-1: 0.15 nm, 
specimen 1 1-2: 1 nm, specimen 1 1-3: 10 nm, specimen 1 1-4: 25 nm, specimen 11-5: 50 nm, specimens 1 1-6 - 1 1-9: 2 
nm. The width of wear of each specimen was also measured after cutting tests under the conditions shown in Table 2. . 

Table 1 1 clearly shows that the specimens 11-1 - 11-9 according to the present invention (Table 1 1) have higher 
wear resistance and chipping resistance and thus higher cutting performance than the comparative specimens 5-1-5- 
6 (Table 5). However, it was noted that specimen 1 1 -1 having a layer thickness of less than 0.2 nm, and specimens 1 1- 
4 and 11-5 having a layer thickness exceeding 20 nm, revealed no effects of lamination and were inferior in cutting per- 
formance to the other specimens 11 -2, 1 1 -3 and 11-6-11-8 according to the present invention. Also, specimen 11-9 
according to the present invention showed fairly wide wear presumably due to peeling at the interfaces between the 
adjacent films. Such wide wear was not observed in the other specimens 1 1 -2. 1 1 -3 and 11-6-11-8 according to the 
present invention. 

(Example 7) 

We prepared surface-coated cutting inserts according to the present invention having thar surfaces coated with 
films shown in Table 1 2 in the same manner as in Example 2 (Table 12. specimens 12-1 - 12-13) and a surface-coated 
cutting insert according to the present invention having its surface coated with TIN and AIN films formed in the same 
manner as in Example 2 (Table 12, specimen 12-14). 

In specimens 12-1 - 12-13, the composition of each compound layer was controlled by changing the number or 
arrangement of metal or alloy targets shown in Rg. 3B, composition of alloy and the intensity of the arc current. In this 
example, boundaries between the adjacent compound layers (e.g. TiN and AIN layers) may not be clear or may have 
graded structure and composition. In a case where the content of element, e.g. Al increases continuously from mini- 
mum to maximum in the direction of thickness of the film laminate, the thickness of each layer is determined as the dis- 
tance between the point where the content of Al is maximum and the point where it is minimum. In another form, regions 
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where the contents of two elements (e.g. Al and Ti) do not change are arranged through a region where their contents 
change continuously. In this case, the thickness of each compound layer is determined as the distance between the 
centers of the adjacent regions where the contents do not change. 

Each of the film layers formed on specimens 12-1 - 12-13 (Table 12) had the following thickness: specimen 12-1 : 

5 0.15 nm, specimens 12-2 and 12-6 * 12-14: 2 nm, specimen 12-3: 10 nm, specimen 12-4: 25 nm, specimen 12-5: 50 
nra The width of wear of each specimen was also measured after cutting tests under the conditions shown in Table 2. 

We examined changes in compositions of several layers of the specimens according to the present invention using 
an EDX for microscopic region observation equipped on a transmission electron microscope. In specimen 12-1, no 
such composition change was observed. This shows that specimen 12-1 does not have the structure according to the 

10 present invention. As for specimens 1 2-2 - 12-14, composition changes were clearly observed. Namely, where the con- 
tent of Al is maximum, Ti was scarcely observed. This clearly shows that this part of the film laminate is made up essen- 
tially of A1N, a covalent bonding layer. 

Table 12 clearly shows that the specimens 12-1 - 12-13 according to the present invention (Table 12) have higher 
wear resistance and chipping resistance and thus higher cutting performance than the comparative specimens 5-1-5- 

is 6 (Table 5). However, it was noted that specimen 12-1, having a layer thickness of less than 0.2 nm, and specimens 12- 
4 and 1 2-5, having a layer thickness exceeding 20 nm, revealed no effects of lamination and were inferior in cutting per- 
formance to the other specimens 12-2, 12-3 and 12-6-12-13 according to the present invention. Also, specimen 12-12 
- 12-14 (Table 12) according to the present invention showed fairly wide wear presumably due to peeling at the inter- 
faces between the adjacent films forming the uttra-thin film laminate. Such wide wear was not observed in the other 

20 specimens 1 2-2, 12-3 and 12-6-12-13 according to the present invention. 

(Example 8) 

We prepared surface-coated cutting inserts according to the present invention made of cermet substrate and hav- 
ss ing their surfaces coated with films shown in Table 13 in the same way as in Example 7 (Table 1 3, specimens 13-1 - 1 3- 
8), and a surface-coated cutting insert according to the present invention made also of cermet and having its surface 
coated with TIN and AIN films formed in the same manner as in Example 2 (Table 13, specimen 13-9). Each of the film 
layers formed on specimens 13-1 - 13-9 had the following thickness: specimen 13-1: 0.15 nm, specimens 13-2 and 13- 
6 - 13-9: 2 nm, specimen 13-3: 10 nm, specimen 13-4: 25 nm, specimen 13-5: 50 nm. The width of wear of each spec- 
30 imen was also measured after cutting tests under the conditions shown in Table 2. 

Table 13 clearly shows that the specimens 13-1 • 13-8 according to the present invention (Table 13) have higher 
wear resistance and chipping resistance and thus higher cutting performance than the comparative specimens 7-1 - 7- 
6 (Table 7). However, it was noted that specimen 13-1 having a layer thickness of less than 0.2 nm, and specimens 1 3- 
4 and 13-5 having a layer thickness exceeding 20 nm, revealed no effects of lamination and were inferior in cutting per- 
35 formance to the other specimens 13-2, 13-3 and 13-6 - 13-8 according to the present invention. Also, specimen 13-8 
according to the present invention showed fairly wide wear presumably due to peeling at the interfaces between the 
adjacent films forming the ultra-thin film laminate. Such wide wear was not observed in the other specimens 13-2, 13- 
3 and 13-6 - 13-8 according to the present invention. 

40 (Example 9) 

The wear resistance of films were measured by bringing each magnetic disk into contact with a magnetic head. The 
magnetic head used was made of a sintered material comprising aluminum and titanium carbide (having a Vickers 
hardness of 3.92 GPa (400 kgf/mm 2 ) under the load of 0.245 N (25 gf)). The head was pressed against the protective 

45 film formed on each magnetic disk under the load of 0.588 GPa (60 gf/cm 2 ). In this state, the disk was rotated at high 
speed until the magnetic head separates up from the disk. Once the head separates, the rotation of the disk was 
stopped to allow the head to be brought into contact with the disk again. This CSS (contact start stop) operation was 
repeated 100000 times. The results of this test are shown in Table 14. 

Specimens 14-1 - 14-24 shown in Table 14 are wear-resistant films according to the present invention. These films 

so were formed by sputtering. In Table 1 4, we showed only the laminating cycle. The thicknesses of the respective layers 
are equal to each other and exactly half the laminating cycla For comparison, we also prepared specimens 14-14 - 14- 
25 having a protective film made of Si0 2 , which is a conventional material. Since the entire film is extremely thin, it is 
impossible to directly measure its hardness. Thus, instead of the hardness of the film itself, we measured and showed 
the speed at which each film is etched when subjected to Ar ion beams (acceleration voltage: 3 kV) under vacuum, 

55 because it is known from experience that the hardness of the film is directly proportional to the etching speed. 

Table 14 clearly shows that specimens 14-1 to 14-24 according to the present invention (Table 14) excel the com- 
parative specimen in every respect Further, the results for specimens 14-1 - 14-7 and 14-13 - 14-17 (Table 14) show 
that the thickness of each compound layer is preferably 0.2 - 10 nm. From the results for specimens 14-8 - 14-12 and 
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-19 - 14-24 (Table 14), it is apparent the entire film thickness is preferably more than 5 nm. 

(Tabu- i] 



Speci- 
. ncn 


Hard layer cocpositicn 
(thicknsss: (ta) 


Ultra-thin filn laminate 


Fila 
hard- | 
ness 
Hv 

on J 


Reaark 


* * ; 

XRD pattern ; 
of : 
ultra-thin [ 
laainate i 

i 


Inter- 

nediate 
layer 


Base 
layer 


Surface 
Layer 


Material 
(thick- 
ness: 
na) 


Material 
(thick- 
ness: 
ns) 


Cycle 
(no) 


Total 
fila 
thick- 
ness fun) 


Crystal * 
structure 




1-1 


Ho 


5?c 


Ho 


VH(0.15) 


A1N(0.15J 


0.3 


3.4 


Different 


3150 


PYD 


Cubic 1 


1-2 


Ho 


5K- 


Ho 


VH(0.2) 


AlHt0.2) 


0.4 


3-5 


Different 


3600 


PVD 


Cubic 1 


1-3 


Ho 


5*: 


No 


VM(I.O) 


AlH(l.O) 


'2.0 


3.8 


Different 


4200 


PVD 


Cubic 


1-4 


Ho 


2K 


Ho 


VHU.8) 


ALH(l.S) 


3.6 


3.5 


Different 


5650 


PVD 


Cubic 


1-5 


Ho 


m 


Mo 


VB(3.5) 


ALM(2.5) 


6.0 


3.6 


Different 


3720 


PVD 


Cubic 


1-6 


Ho 




Ho 


VM(6.0) 


A1H<4.1) 


10.1 


3.4 


Different 


3700 


PVD 


Cubic 


1-7 


Ho 




No 


VH(S.O) 


A1M12.0 


20.0 


3.5 


Different 


3&00 


PVD 


Cubic 


1-8 


Ho 


2K 


Ho 


VM(21.0) 


A1H(4.0) 


25.0 


3-6 


Different 


3150 


PVD 


J8B8S38E 


1-9 


Ho 




Mo 


VM(l.S) 


A1H0.8) 


3.6 


0.3 


Different 


5000 


PVD 


Cubic 


1-10 


Ho 




Mo 


VH(1.8) 


A1H0.8) 


3.6 


0.5 


Different 


5400 


PVD 


Cubic 


1-11 


Ho 


sk 


No 


VH(1.8) 


ALH(1.8) 


3-6 


2.0 


Different 


5550 


PVD 


Cubic 


1-12 


Ho 


5K- 


Ho 


VHU.8) 


MHtl.8) 


3.6 


5.0 


Different 


5740 


PVD 


Cubic 


1-13 


Ho 




Ho 


Vtf(1. 8) 


A1H0.8) 


3.6 


10.0 


Different 


5800 


PVD 


Cubic 


1-1* 


Ho 




Ho 


W1.8) 


A1H(1.8) 


3-6 


13.0 


Different 


5920 


PVD 


Cubic 


1-15 


T1H10.01) 




Ho 


va(i.3) 


A1H(1.8) 


3.6 


3.6 


Different 


5680 


PVD 


Cubic 


1-16 


T1N(0.05) 


585 


Ho 


VK(I.S) 


A1M(1.8) 


3.6 


3.7 


Different 


5550 


PVD 


Cubic 


1-17 


TiH(0.5) 


^ 


Ho 


vn(t.a) 


A1H0.8) 


3.6 


3.8 


Different 


5740 


PVD 


Cubic 


1-18 


TiH(I.O) 


»; 


Ho 


VH(1.8> 


AlflO.8) 


3.6 


3.9 


Different 


5850 


PVD 


Cubic 


1-19 


T1H13.0) 


5K 


Ho 


VH(1.8 


A1H0.8) 


3.6 


3-8 


Different 


5900 


PVD 


Cubic 


1-20 


TIH(S.O) 


5K 


Ho 


VH(1.8) 


A1H(1.8) 


3-6 


3-7 


Different 


5930 


PVD 


Cubic 


1-21 


TiH(T.O) 


3SS 


Ho 


VH0.8) 


A1H(1.8) 


3.6 


3.8 


Different 


5850 


PVD 


Cubic 


1-22 


No 


5sS 


No 


ZrHO.O) 


A1H(3.0) 


6.0 


3.9 


Different 


49X 


PVD 


Cubic 


1-23 


No 


23 


Mo 


HfHO-O) 


AlN(3-0) 


6.0 


3.6 


Different 


4870 


PVD 


Cubic 


1-24 


No 




No 




3.0 


3.2 


Different 


4400 


PVD 


> Cubic 


1-25 


Ho 




Ho 


CrKtl.7) 


VH(1.7) 


3.4 


3.7 


Sane 


3200 


PVD 


: Cubic 


1-26 


TIN (1.0) 


TiCN(2.0) 


TIH(I.O) 












3000 


PVD 




1-27 


Ho 




TiN(4.0) 












2400 


PVD 




1-28 


T1M2.0) 


AJaOj(l.O) 


TlHtO.5) 












2500 


CVD 





8f Ultra- thin fila laminate 

39HS.... ZrHO.O). AlH(l.O), HfH(I.O) 
Cubic ♦ hexagonal 

* Crystal structure of each single Material layer (at (taraal temperature, pressure and equilibrium state) 

* * ... .Crystal structure of ultra-thin fila laainate (as a nhole) 
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(Table 2] 





Continuous cutting 


Interrupted cutting 


Material machined 


SCM435 


SCM435 


Cutting speed (m/min) 


220 


220 


Feed (mm/rev) 


0.37 


0.30 


Depth of cut (mm) 


2.0 


1.5 


Cutting time (min) 


15 


20 



[Table 3] 





Specimen 


Rank wear (mm) 


20 




Continuous cutting 


Interrupted cutting 




1-1 


0.175 


0.182 




1-2 


0.107 


0.105 




1-3 


0.100 


0.098 


25 


1-4 


0.079 


0.087 




1-5 


0.095 


0.099 




1-6 


0.100 


0.101 


30 


1-7 


0.111 


0.108 




1-8 


0.175 


0.195 




1-9 


0.410 


0.250 




1-10 


0.140 


0.122 


35 


1-11 


0.102 


0.111 




1-12 


0.113 


0.123 




1-13 


0.125 


0.142 


40 


1-14 


0.180 


0.109 




1-15 


0.080 


0.082 




1-16 


0.080 


0.080 




1-17 


0.077 


0.075 


45 


1-18 


0.070 


0.070 




1-19 


0.069 


0.072 




1-20 


0.070 


0.071 


50 


1-21 


0.082 


0.085 




1-22 


0.063 


0.065 




1-23 


0.063 


0.060 


55 


1-24 


0.093 


0.098 


1-25 


0.205 


0.195 




1-26 


0.310 


0.225 
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(Table 3] (continued) 





Specimen 


Rank wear (mm) 






Continuous cutting 


Interrupted cutting 


5 


1-27 


0.415 


0.255 




1-28 


0.115 


Chipped off 



[Table 4] 



Specimen 


Film 
form- 
ing 
method 


Hard coating layer 


Flank wear 
(ran) 


First layer 


Second layer 


Third layer 


Makeup . 


Film 

thick- 
ness 
( fin) 


Makeup 1 


Film 
thick- 
ness 


Makeup 


Film 
thick- 
ness 


Inter- 
rupted 
cutting 


Continuous 
cutting 


4-1 


PVD 


TIN & ADt 


3.5 


- 




- 


- 


0.109 


0.112 


4-2 


PVD 


TIN 


1 


TIN & A1N 

laminated 


3 






0.103 


0.109 


4-3 


PVD 


TIN & A1N 
laminated 


3 


TiH 


1 






0.098 


0.105 


4-4 


PVD 


TIN 


1 


TIN 4 A1N 
laminated 


3 


TiN 


1 


0.098 


0.099 


4-5 


PVD 


TIM & A1H 
laminated 


3.5 










0.110 


0.110 


4-6 


FVD 


TIN 


1 


TIN & A1N 
laminated 


3 






0.102 * 


0.108 


4-7 


PVD 


TIN & A1N 
laminated 


3 


TIN 


1 






0.098 


0.106 


4-8 


FVD 


TiN 


1 


TIN & A1N 


3 


TIN 


1 


0.099 


0.098 


4-9 


PVD 


TIN & A1H 
laminated 


3.5 










0.152 


O.IK 



Substrate: cemented carbide 
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[Table 51 



5 


Specimen 


Film 
forming 
method 


Hard coating layer 


Flank wear (mm) 


10 






First layer 


Second layer 


Third layer 


Inter- 
rupted 

ftittinn 


Continu- 
ous cut- 








Makeup 


Film 
thick- 
ness 
(urn) 


Makeup 


Film 
thick- 
ness 
(jim) 


Makeup 


Rim thick- 
ness Qim) . 






15 


5-1 


PVD 


TIN 


1 


TiCN 


2 


TiN 


1 


0.300 


0.210 




5-2 


PVD 


TIN 


1 


TiCN 


1 


TiC 


2 


0.205 


0.080 




5-3 


PVD 


TiN 


4 










0.410 


0.250 


20 


5-4 


CVD 


TIC 


3 


TIN 


2 






0.205 


Chipped 
off 




5-5 


CVD 


TiN 


2 


Al 2 0 3 


1 


TiN 


0.5 


0.110 


Chipped 
off 


25 


5-6 


PVD 


TiAIN 


3.5 










0.155 


0.152 , 




Substrate: cemented carbide 



30 



35 



40 



45 



SO 
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[Table 5] 



5 



10 



25 



Specimen 


Filo 
form- 
ing 
method 


Hard coating layer 


Flank wear 
(mi) 


First layer 


Second layer 


Third layer 


Makeup 


Film 

thick- 
ness 
( fim) 


Makeup 


Filo 

thick- 
ness 
( /m>) 


Makeup 


Film 
thick- 
ness 


Inter- 
rupted 
cutting 


Continuous 
cutting 


6-1 


FVD 


TIN & A1N 
lamina ted 


3.4 










0.078 


0.082 


6-2 


PVD 


TiN 4 A1N 
laminated 


4.1 










0.095 


0.032 


6-3 


FVD 


TIN . 




TiN & AIM 
laainated 


3 






0.068 


0.059 


6-4 


PVD 


TiN & A1K 


3 


TiN 


1 






0.070 


0.066 


6-5 


FVD 


TIN 




TiN & A1N 
laainated 


3 


TiN 


1 


0.055 


0.048 



Substrate: cermet 



[Table 7] 



45 



50 



Specfnpn 


Film 
fam- 
ing 
method 


Hard coating layer 


Flank wear 
(ma) 


First layer 


Second layer 


Third layer 


Makeup 


Film 

thickness 


Makeup 


Film 

thickness 


Makeup 


Fila 

thickness 
iftm) 


Inter- 
rupted 
cutting 


Continuous 
cutting 


7-1 


FVD 


TiN 


1 


TiCN 


2 


TiN 


1 


0.232 


0.214 


7-2 


FVD 


TiN 


1 


TiCN 


1 


TiC 


2 


0.180 


0.177 


7-3 


FVD 


TiN 


4 










0.332 


0.250 


7-4 


CVD 


TIC 


3 


TiN 


2 






0.199 


Chipped off 


"7-5 


CVD 


TiN 


2 


AljO, 


I 


TIN 


0.5 


0.116 


1 

Chipped off 


7-6 


FVD 


TiAIN 


3.5 










0.105 


0.112 



Substrate: cermet 
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[Table 8] 



5 


Specimen 


Film 
forming 
method 


Hard coating layer 


Flank wear (mm) 


10 






First layer 


Second layer 


Third layer 


Inter- 
rupted 
cutting 


Continu- 
ous cut- 
ting 








Makeup 


Fflm 
thick- 

Qim) 


Makeup 


Film 
thick- 

(um) 


Makeup 


Rim thick- 
ness [\im) 






15 


8-1 


PVD 


TiN & 

AIM la ml. 

mim lami- 
nated 


3.3 


- 




- 


- 


0.101 


0.098 


20 


8-2 


PVD 


TIN & 
AIN lami- 
nated 


4.1 










0.116 


0.109 




8-3 


PVD 


TIN 


1 


T1N& 
AIN lami- 
nated 


3 






0.093 


0.090 


25 


8-4 


PVD 


TiN& 
AIN lami- 
nated 


3 


TIN 


1 






0.070 


0.069 


30 


8-5 


PVD 


TIN 


1 


TiN & 
AIN lami- 
nated 


3 


TIN 


1 


0.063 


0.055 




Substrate: ceramics 



35 



40 



45 



50 



15 



EP 0 592 986 B1 



[Tahle 9] 



i 

Specimen 


Fila 
fam- 
ing 
method 


Hard coating layer 


Flank wear 
(dd) 


First layer 


Second layer 


Third layer 


Makeup 


Filn 

thickness 
ifim) 


Makeup 


Fila 

thickness 
( aid) 


Makeup 


Fila 

thickness 
( ftm) 


Inter- 
rupted 
cutting 


Con- 
tinuous 
cutting 


9-1 


PVD 


TiH 


1 


TiCH 


2 


TiH 


1 


0.244 


0.232 


9-2 


PVD 


TiN 


1 


TICK 


1 


TiC 


2 


0.238 


0.218 


9-3 


PVD 


TiH 


4 










0.404 


0.389 


9-4 


PVD 


TiAlH 


3 - 5 










0.154 


0.143 



20 

Substrate: ceramics 
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[Table 10] 



5 




Film 
form- 
ing 
method 


Hard coating layer 


Flank wear 
(ran) 




Specimen 


First layer 


Second layer 


Third layer 


10 




Makeup 


Film 

UlLLCK 

ness 
( //m) 


Makeup 


Film 

uUCK 

ness 
(*/m) 


Makeup 


Film 

thick- 
ness 
( fim) 


Inter- 
cutting 


Con- 
tinuous 
cutting 


IS 


10-1 


PYD 


TIN & TiAIN 
laminated 


3.5 


- 


- 


- 


- 


0.148 


0.142 




10-2 


PVD 


TiH & TiAIN 
laminated 


4 


- 


- 


- 


- 


0.126 


0.133 


20 


10—3 


PVD 


TiN & TiAIN 
laminated 


3.8 


- 


- 


- 


- 


0.134 


0.138 




10—4 


PVD 


TiH & TiAIN 
laminated 


3.5 


- 


- 


- 


- 


0.142 


0.152 


25 


10—5 


PVD 


TiN & TiAIN 
laminated 


3.8 










0.192 


0.196 


30 


10—6 


PVD 


TiN 


1 


TiN & TiAIN 
laminated 


3 






0.093 


0.099 


10-7 


PVD 


TiN & TiAIN 
laminated 


3 


TiN 


1 






0.096 


0.102 


35 


10-8 


PVD 


TiN 


1 


TiN & TiAIN 
laminated 


3 


TiN 


1 


0.083 


0.084 




10-9 


PVD 


TiN & AIM 
laminated 


3.5 










0.151 


0.162 



40 Substrate: cemented carbide 
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[Table 11] 



5 







Film 
fam- 
ing 
method 


Hard coating layer 


Flank wear 
< — ^ 




Specjjsen 


First layer 


Second layer 


Third layer 






10 




Kakeup 


FiLa 

thick- 
ness 
( fim) 


Makeup 


Filfl 

thick- 
ness 
( fia) 


Kakeup 


Film - 
thick- 
ness 
( fim) 


rupted 
cutting 


Con- 
tinuous 
cutting 


15 


1 1 — 1 


Dim 
rvu 


A1N & TiAIN 
laminated 


3.5 


- 


- 


- 


- 


0.172 


0.178 




1 1 — 2 


PVD 


AIM & TiAIN 


4 


- 


- 


- 


- 


0.104 


0.103 




11—3 


PVD 


A1N & TiAIN 
laminated 


3.9 


- 


- 


- 


- 


0.112 


0.114 






PVD 


AIM & TiAIN 
1 am rated 


3.5 


- 


- 


- 


1 


0.139 


0.145 


25 


1 1 — 5 


PVD 


AIM & TiAIN 
laninated 


3.8 










0.192 


0.188 


30 


1 I — D 


pvn 

rVU 


TIM 


1 


AIM & TiAIN 
laminated 


3 






0.088 


0.095 




U-7 


PVD 


AIM & TiAIN 
laninated 


3 


TIN 


1 






0.098 


0.102 


35 


11-8 


PVD 


TiH 


1 


AIM & TiAIN 


3 


TiH 


1 


0.078 


0.082 




11-9 


PVD 


TIM & AIM 
laninatftH 


3.5 










0.142 


0.144 



Substrate: cemented carbide 



45 



50 



18 



EP 0 592 986 B1 



fTihle '?J 



5 



10 



15 



20 



25 





Fila 






Hard coating layer 








Flank wear 

(rani 


Specioen 


forn- 
ing 


First layer 


| 


Second layer 




Third layer 








nethod 


Makeup 


Filn 
thick- 
ness 


Hakeup 


Filn 

thick- 
ness 
( A») 


Hakeup 


Filn 
thick- 
ness 


Inter- 
rupted 
cutting 


Con- 
tinuous 
cutting 


12—1 


PVD 


Composition changed 
between TiH & UN 


3.5 






- 


- 


0.142 


0.1*3 


12-2 


FVD 


Conposition changed 
between TIN & UN 


4 






- 


- 


0.100 


0.110 


12-3 


PVD 


Conposition changed 
between TIM & UN 


3.6 






- 


- 


0.117 


0.120 


12-4 


PVD 


Cotaposltion changed 
between TiM & UN 


3.5 






- 


- 


0.140 


0.142 


12-5 


PVD 


Conposition changed 
between T1H & Aj3 


3.8 






- 


- 


0.189 


0.198 


12-6 


PVD 


Conposition changed 
between TICK & UN 


4 






- 


- 


0.124 


0.114 


12-7 


PVD 


Ccapasltion changed 
between TIC & UN 


4 






- 


- 


0.118 


0.112 


12-8 


PVD 


TIN 


l 


Composition changed 
between TIN & AIM 


3 


- 


- 


0.093 


0.100 


12-9 


PVD 


Conposition changed 
between TIN & US 


3 


TIN 


1 






0.094 


0.105 


12-10 


PVD 


tin 


1 


Conposition changed 
between TIN & A1N 


3 


TIN 




0.087 


0.088 


12-11 


PVD 


Compasltion changed 
between AIM 4 TiAlH 


4.1 










0. 1-13 


0.110 


12-12 


PVD 


Composition changed 
between TIN & T1A1N 


4.2 










0.111 


0.115 


12-13 


PVD 


TIN/TIN — AIN/UN/AUf — TiM/ 
laninated 


4 






0.113 


0.109 


12-14 


PVD 


TIN & A1N 
lauinated 


3.5 










0.135 


0.138 



Substrate: cemented carbide 
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(Tabl» 13] 



TO 



15 



20 



25 





Film 
form- 
ing 


Bard coating layer 


Flank wear 
im) 


First layer 


Second layer 


Third layer 


method 


Haksup 


Flla 

thick- 
ness 
( fim) 




Filn 

thick- 
ness 
( fia) 




File 

thick- 
ness 
( fta) 


rupted 
cutting 


tinuous 
cutting 


13-1 


PVD 


Composition changed 
between TiH & A1H 


3-5 


_ 




_ 




0.124 


0.122 


13-2 


PVD 


Composition changed 
between TIN & AIM 


4 


__ 


_ 


_ 


_ 


0.108 


0.099 


13-3 


PVD 


Composition changed 

i -i ., Till C till 

between Tin o Ain 


3.8 


_ 


- 


_ 


- 


0.100 


0.101 


13-1 


PVD 


Composition changed 
betseen TIN 5 AAK 


3.5 










0.127 


0.122 


13-5 


PVD 


Composition changed 
between TiH A AIM 


3.8 










0.162 


0.178 


13-6 


PVD 


TIN 


1 


Coaposition changed 
between TiH 4 A1H 


3 






0.077 


0.087 


13-7 


PVD 


Coaposition changed' 
between TiH & AIM 


3 


TiM 


1 






0.074 


0.085 


13-8 


PVD 


TIN 


1 


Coaposition changed 
between TiH & AIM 


3 


TiH 


1 


0.067 


0.063 


13-9 


PVD 


Coaposition changed 
between TIN & AIM 


3.5 










0.121 


0.138 



Substrate: cermet 
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[Tdule U] 



JO 



15 



20 



25 



30 



Specimen 


Laminated 
material 


Laminated 
cycle 


Etching 

speed 

(nm/min) 


Filn 

thickness 
(no) 


CSS tests (after 100000 cycles) 


XRD pattern 
of 

laminate 
naterial 


Corrosion 
resistance 


Surface 
condition 


Regenerating 
output 


14-1 


ZrH/AlH j 0.3 nm 


0.43 


50 


No change 


Trace noticed 


2dB drop 


Cubic 


14-2 


ZrN/AlH j 0.5 nm 


0.18 


50 


No change 


No change 


No change 


Cubic 


14-3 


ZrN/AlH j 1 .0 run 


0.07 


50 


No change 


No change 


No change 


Cubic 


14-4 






0.05 


50 


Ho change 


No change 


Ho change 


Cubic 


14-5 


ZrN/AlH 


10 run 


0.24 


50 | Ho change | No change 


No change 


Cubic 


11*— 6 


ZrN/AlH 


20 rcn 


0.31 


50 | Ho change 


No change 


Ho change 


Cubic 


14-7 


ZrN/AlH 


25 cm 


0.42 


50 


Ho change 


Trace 1 noticed 


3dB drop 




14-8 


ZrN/AlH 


2.5 oa 


0.07 


2.5 


No change 


Trace noticed 


5dB drop 


Cubic 


14-9 


ZrN/AlH 


2.5 nm 


0.08 


5 


Ho change 


No change 


No change 


Cubic 


14-10 


ZrN/AIN 


2.5 nn 


0.07 


20 


Ho change 


No change 


No change 


Cubic 


14-11 


ZrN/AlH 


2.5 nm 


0.08 


30 


Ho change 


No change 


No change 


Cubic 


14-12 


ZrN/AIN 


2.5 tun 


0.07 


40 


Ho change 


No change 


No change 


Cubic 


14-13 


AiN/CrN 


0.3 nm 


0.43 


50 


Ho change 


Trace noticed 


2dB drop 


Cubic 


14-14 


AlH/CrH 


0.5 nm 


0.18 


50 


No change 


No change 


No change 


Cubic 


14-15 


AlH/CrN 


2.5 nm 


0.07 


50 


No change 


No change 


No change 


Cubic 


14-16 


AiN/CrN 


10 nm 


0.05 


50 


No change 


No change 


No change 


Cubic 


14-17 


AlH/CrH 


20 nn 


0.24 


50 


No change 


No change 


No change 


Cubic 


14-18 


AlH/CrH 


25 nm 


0.42 


50 


No change 


Trace noticed 


3dB drop 


$3: 


14-19 


AiN/CrN 


2.5 nm 


0.07 


2.5 


Ho change 


Trace noticed 


5d3 drop 


Cubic 


14-20 


AlH/CrH 


2.5 nm 


0.08 


5 


Ho change 


Trace noticed 


5dB drop 


Cubic 


14-21 


AlH/CrH 


2.5 nm 


0.07 


50 


Ho change 


Trace noticed 


5dB drop 


Cubic 


14-22 


AlH/CrH 


2.5 on 


0.08 


1000 


No change 


Trace noticed 


5dB drop 


Cubic 


14-23 


AlH/CrH 


2.5 run 


0.07 


10000 


No change 


Trace noticed 


5dB drop 


Cubic 


14-24 


AlH/CrH 


2.5 nm 


0.08 


20000 


No change 


Trace noticed 


2dB drop 


Cubic 


14-25 


SiO 




3.0 


80000 


No change 


Trace noticed 


6dB drop 





40 

Cubic + hexagonal 



45 

Claims 

1 . A wear-resistant member comprising a substrate and an ultra-thin film laminate coated thereon, said uttra-thin film 
so laminate comprising at least one nitride or carbonitride of at least one element selected from the group consisting 
of the elements in the groups IVa, Va and Via in the periodic table and A1 and B, said nitride or carbonitride having 
a cubic crystal structure and having mainly metallic bonding properties, and at least one compound having a crystal 
structure other than the cubic crystal structure at normal temperature and normal pressure and under equilibrium 
state and having mainly covalent bonding properties, said at least one nitride or carbonitride and said at least one 
55 compound being alternately laminated in the form of layers, each layer of said nitride or carbonitride and said com- 
pound having a thickness of 0.2 - 20 nm, said laminate having a cubic crystalline X-ray diffraction pattern as a 
whole. 
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2. A wear-resistant memberas claimed in claim 1 , wherein said at least one compound comprises at least one nitride 
containing Al and/or B as main components. 

3. A wear resistant member as claimed in claim 1 or 2 wherein the compositions of the adjacent compound layers 
change continuously. 

4. A wear-resistant member as claimed in any of claims 1 to 3, wherein said substrate is hard or surface- hardened. 

5. A wear-resistant member as claimed in any of claims 1 to 4, wherein said substrate is made of a WC-based 
cemented carbide, a cermet or a high-speed steel. 

6. A wear-resistant member as claimed in one of claims 1 to 5, wherein said film laminate has a thickness of 0.5 to 1 0 
jim. 

7. A wear-resistant member as claimed in any of claims 1 to 6, wherein an intermediate layer is provided between said 
substrate and said ultra-thin f Qm laminate, said intermediate layer having a thickness of 0.05 - 5 um and being 
made of at least one compound selected from compounds comprising at least one element selected from the group 
consisting of the elements in the IVa, Va, and Via groups, compounds of at least one element selected from C and 
N, and oxides of elements in the IVa group. 

8. A wear-resistant member as claimed in any of claims 1 to 7, wherein a surface layer is provided on the surface of 
said ultra-thin film laminate, said surface layer having a thickness of 0. 1 - 5 nm and being made of at least one com- 
pound selected from the nitrides, carbides, carbo nitrides and oxides of elements in the IVa, Va and Via groups. 

9. A wear-resistant member as claimed in any of claims 1 to 8, wherein said member is used as a cutting tool such as 
a cutting insert a drill and an end mill. 

10. A wear resistant member as claimed in claim 9 in the form of a cutting insert having a rake face and a flank face 
both coated with said ultra-thin film laminate, said laminate formed on the rake face having a larger laminating cycle 
than said laminate formed on the flank face. 

11. A wear-resistant member as claimed in claim 9 in the form of a cutting insert having a rake face and a flank both 
coated with said ultra-thin film laminate, said laminate formed oh the flank having a larger laminating cycle than 
said laminate formed on the rake face. 

12. A wear-resistant member as claimed in 1 -5 and 7, 8, as far as claims 7 and 8 are not dependent on claim 6, wherein 
said ultra-thin film laminate is used as a wear-resistant or protective layer of electric or electronic parts or sliding or 
machine parts, said ultra-thin film laminate having a thickness of 5 nm - 10 urn. 

Pate ntansprO che 

1. VerschleiBfestes Element aus einem Tragermaterial und einem darauf aufgebrachten ultradQnnen Rlmlaminat, 
wobei das uttradGnne Rlmlaminat mindestens ein Nitrid oder Carbonitrid mindestens eines Elements aufweist, das 
aus einer Gruppe auszuwahJen ist welche aus den Elementen der Gruppen IVa, Va und Via des Period en systems 
sowie Al und B besteht wobei das Nitrid oder Carbonitrid eine kubische Kristallstruktur hat und hauptsachlich 
Metaltbindungseigenschaften besitzt, sowie mindestens eine Verbindung, die bei normaler Temperatur und norma- 
lem Druck und im Gleichgewichtszustand eine and ere Kristallstruktur als die kubische Kristallstruktur hat und die 
hauptsachlich kovalente Bindungseigenschaften hat wobei das mindestens eine Nitrid oder Carbonitrid und die 
mindestens eine Verbindung abwechselnd in Form von Schichten laminiert werden, und wobei jede Schicht des 
Nitrids oder Carbonrtrids und der Verbindung eine Dicke von 0,2 - 20 nm hat und das Lamina! insgesamt ein 
kubisch kristallines R6ntgenbeugungsdiagiamrn hat 

2. VerschleiBfestes Element nach Anspruch 1, bei dem die mindestens eine Verbindung mindestens ein Nitrid mit Al 
und/oder B als Hauplbestandteile aufweist 

3. VerschleiBfestes Element nach Anspruch 1 oder 2, bei dem die Zusammensetzungen der benachbarten Verbin- 
dungsschichten sich tontinuierlich andern. 
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4. VerschleiBfestes Element nach einem der Anspruche 1 bis 3, bei dem das Tragermaterial hart Oder oberflachen- 
gehartet ist 

5. VerschleiRfestes Element nach einem der Anspruche 1 bis 4, bei dem das Tragermaterial aus einem Sintercarbid 
auf WO Basis, einem Cermet oder einem Schnellarbeitsstahl besteht. 

6. VerschleiBfestes Element nach einem der Anspruche 1 bis 5, bei dem das Filmlaminat eine Dicke von 0,5 bis 10 
urn hat. 

7. VerschleiBfestes Element nach einem der AnsprQche 1 bis 6, bei dem eine Zwischenschicht zwischen dem Trager- 
material und dem uttradQnnen Filmlaminat vorgesehen ist die eine Dicke von 0,05 bis 5 hat und aus minde- 
stens einer Verbindung besteht welche aus Verbindungen auszuwahlen ist, die mindestens ein Element enthalten, 
das wiederum aus der Gruppe auszuwahlen ist die aus den Elementen der Gruppen IVa, Va und Via besteht, 
sowie aus Verbindungen mindestens eines aus C und N auszuwahlenden Elements und Oxiden von Elementen in 
der Gruppe IVa. 

8. VerschleiBfestes Element nach einem der Anspruche 1 bis 7, bei dem auf der Oberflache des uttradQnnen Rlmla- 
minats eine Oberflachenschicht angeordnet ist, die eine Dicke von 0,1 - 5 urn hat und aus mindestens einer Ver- 
bindung besteht. die aus den Nitriden, Carbiden, Carbon'rtriden und Oxiden von Elementen in den Gruppen IVa, Va 
und Via auszuwahlen ist. 

9. VerschleiBfestes Element nach einem der AnsprQche 1 bis 8, bei dem das Element aJs Schnetdwerkzeug, wie z.B. 
ate Schneideinsatz, Bohrer oder Stimfraser verwendet wind. 

10. VerschleiBfestes Element nach Anspruch 9 in Form eines Schneideinsatzes mit einer Spanflache und einer Flan- 
kenf lache, die beide mit dem uttradQnnen Filmlaminat beschichtet sind, wobei das auf der Spanflache gebildete 
Laminat einen grOBeren LaminierzyMus hat als das auf der Rankenf lache gebildete Laminat. 

1 1 . VerschleiBfestes Element nach Anspruch 9 in Form eines Schneideinsatzes mit einer Spanflache und einer Ranke, 
die beide mit dem uttradQnnen Rlmlaminat beschichtet sind, wobei das auf der Ranke gebildete Laminat einen grO- 
Beren LaminierzyWus hat als das auf der Spanflache gebildete Laminat 

12. VerschleiBfestes Element nach den AnsprQchen 1-5 und 7, 8^ soweit AnsprQche 7 und 8 nicht auf Anspruch 6 ruck- 
bezogen sind, bei dem das uttradOnne Rlmlaminat als verschleiBfeste Schicht oder Schutzschicht von elektrischen 
oder elektronischen Teilen oder Gleitelementen oder Maschinenteilen verwendet wind, wobei das ultradOnne Rlm- 
laminat eine Dicke von 5 rtm - 10 um hat. 

Revendlcations 

1 . Organe resistant a I'usure comprenant un substrat et un stratifie en film ultra-mince !e recouvrant, ledit stratifie en 
film ultra-mince comprenant au moins un nitrure ou un carbon rtrure dau moins un element choisi dans le groupe 
comprenant les elements des groupes IVa, Va et Vila dans la table periodique et A1 et B, ledit nitrure ou carboni- 
trure ayant une structure cristalline cubique et ayant principal em ent des proprietes de liaison metailique, et au 
moins un compose ayant une structure cristalline difference de la structure cristalline cubique, dans des conditions 
normales de temperature et de pression et en etat d'equOibre, et ayant principalement des proprietes de Oaison 
covalente, ledit au moins un nitrure ou carbonttrure et ledit au moins un compose etant stratifie atternativemerrt 
sous la forme de couches, chaque couche dudit nitrure ou carbon itrure et dud it compose ayant une epaisseur com- 
prise entre 0,2 et 20 nm, ledit stratifie ayant dans rensemble un motif de diffraction par rayons X de structure cris- 
talline cubique. 

2. Organe resistant a I'usure selon la revencfi cation 1, dans lequel ledit au moins un compose comprend un nitrure 
comprenant A1 et/ou B comme composant principal. 

3. Organe resistant a I'usure selon la revendication 1 ou 2, dans lequel les compositions des couches de composes 
adjacentes changent de maniere continue. 

4. Organe resistant a I'usure selon Pune queJconque des revendications 1 a 3, dans lequel ledit substrat est dur ou 
durci en surface. 
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5. Organ e resistant a I'usure selon Tune quelconque des revendications 1 a 4, dans lequel I edit substrat est realise 
en un carbure cemente a base de WC, un cermet, ou un acier a coupe rapid e. 

6. Organe resistant a I'usure selon Tune des revendications 1 a 5, dans lequel ledrt stratifie en film a une Spaisseur 
5 comprise entre 0,5 et 10 nm. 

7. Organe resistant a I'usure selon Tune quelconque des revendications 1 a 6, dans lequel une couche intermediaire 
est prevue entre ledrt substrat et I edit stratifie en film urtra-mince, ladite couche intermediaire ayant une epaisseur 
comprise entre 0,05 et 5 jim et etant realisee en au moins un compose selection n6 par mi des composes compre- 

io nant au moins un element selectionn6 parmi le groupe comprenant les elements des groupes IVa, Va et Via, des 
composes d'au moins un element selectionne parmi C et N, et des oxydes d'glements du groupe IVa. 

8. Organe resistant a I'usure selon I'une quelconque des revendications 1 a 7, dans lequel une couche de surface est 
prevue sur la surface dud it stratifie en film ultra-mince, ladite couche de surface ayant une epaisseur prise entre 

is 0, 1 et 5 um et 6tant realisee en au moins un compose selectionne parmi les nitrures, les carbures, les carbonitrures 
et les oxydes d'6l6ments des groupes IVa, Va et Via 

9. Organe resistant a I'usure selon I'une quelconque des revendications 1 a 8, dans lequel (edit organe est utilise 
comme outil de coupe tel qu'un insert de coupe, un foret et une fraise a queue. 

20 

10. Organe resistant a I'usure selon la revendication 9 sous la forme d'un insert de coupe ayant une face de radage et 
une face de depouille recouvertes toutes deux par ledrt stratifie en film ultra-mince, ledrt stratifie forme sur la face 
de raclage ayant un cycle de stratification plus grand que I edit stratifie forme sur la face de depouille. 

25 11. Organe resistant a I'usure selon la revendication 9 sous la forme d'un insert de coupe ayant une surface de raclage 
et une face de depouille recouvertes toutes deux par le stratifie en film ultra-mince, ledrt stratifie forme sur la 
depouille ayant un cycle de stratification plus grand que (edit stratifie form6 sur la face de raclage. 

12. Organe resistant a I'usure selon les revendications 1 a 5 et 7, 8, dans la mesure ou les revendications 7 et 8 ne 
30 sont pas dependantes de la revendication 6, dans lequel ledrt stratifie en film ultra-mince est utilise comme une 
couche resistant a I'usure ou protectrice de parties 3ectrtques ou Slectroniques ou de parties d'usinage ou de cou- 
lissement ledrt stratifie en fQm ultra-mince ayant une epaisseur comprise entre 5 nm et 10^m. 
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